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Abstract 

The U.S. Army Research Laboratory-Weapons and Materials Research Directorate 
(ARL,-WMRD) performed a dimensional inspection and metallurgical investigation of AH-64 
Apache tail rotor strap pack assemblies and individual laminate sets. All of the dimensional 
critical characteristics were examined in an attempt to determine the cause of a buckling 
phenomenon within the strap pack assemblies. Conformance to the manufacturer’s governing 
specifications with respect to the material, heat treatment, and marking requirements was also 
investigated. The cause of the buckling was attributed to a combination of factors. Dimensional 
nonconformances were identified. Most of the hole diameters were found to be well below the 
specified range, causing the assemblies to be forced together. Transposition of the laminates 
during manufacture was also highly likely to have occurred, adding to the misalignment of the 
assembly. All other characteristics of the laminates and assemblies were found to conform to 
the governing part drawings and specifications. 
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1. Introduction 

The U.S. Army Aviation and Missile Command (AMCOM) requested an investigation 

consisting of metallurgical examination and dimensional inspection of Apache tail rotor strap 

pack assemblies and individual laminate sets. The laminate material is very thin (approximately 

0.014 in) sheet AM-355, a semiaustenetic stainless steel. The US. Army Research Laboratory, 

Weapons and Materials Research Directorate (ARL-WMRD), received two Quality Deficiency 

Report (QDR) exhibits, which were to be used as the assemblies for inspection, Additionally, 

nine individual laminate sets were sent to ARL-WMRD for inspection (serial numbers [SN] 

003343-l 167, -1168, -1169, -1172, -1173, -1174, -1175, -1176, and -1177). ARL-WMRD was 

requested to perform a dimensional inspection of the two QDR assemblies per the governing 

specifications and also verify that they were properly assembled. Additionally, ARL-WMRD 

was requested to inspect three laminates (selected at random) from each separate laminate set 

received for conformance to the governing documents. Later, this was altered to include a 

complete dimensional inspection of one laminate set selected at random. Verification of surface 

finish, edge finish, and hole finish and all other critical characteristics was to be determined as 

prescribed by the governing documents. ARL-WMRD was also requested to perform a full 

metallurgical investigation of one laminate from both QDR assemblies received to verify 

material and heat treatment. Finally, it was requested of ARLWMRD to substantiate that all 

components were marked and designated in accordance with the appropriate specifications. 

2. Objectives 

The purpose of this work was to determine the cause of the buckling phenomenon on the two 

QDR tail rotor assembly exhibits. Additionally, all components involved were evaluated for 

conformance to the governing manufacturing, process, and identification specifications of the 

assembly. 



3. Experimental Procedure 

3.1 Visual Inspection and Light Optical Microscopy. Both QDR exhibits (designated 

W81CL8940027 for SN 003343-0899 and W81CL8940085 for SN003343-1548) received by 

ARL-WMRD were visually inspected [ 1, 21. It was noted that both exhibits experienced 

extensive buckling between the individual laminates that make up the assemblies. The assembly 

is governed by the McDonnell Douglas drawing package BP-7-21 1421035 [3]. Figures 1 and 2 

depict QDR exhibit 003343-1548 (1548) as received by ARL-WMRD. 

Figure 1. Macrograph of the As-Received Strap Pack 1548 (Top View). (Scale in Inches.) 

Figures 3 and 4 show QDR exhibit 003343-0899 (0899) as received by ARL-WMRD. The 

individual quality deficiency reports designate buckling and/or displacement of the first laminate 

for exhibit 1548 and the third and eleventh laminate for exhibit 0899. These findings were 

verified by ARL-WMRD via optical microscopy. The first laminate was visibly buckled on 

exhibit 1548, as depicted in Figure 5. Closer examination of the white outlined box in Figure 4 

reveals the buckling of the third and eleventh laminates on exhibit 0899. The additional nine 

2 



Figure 2. Macrograph of the As-Received Strap Pack 1548 (Side View). (Scale in Inches.) 

laminate sets received by ARL-WMRD were also inspected for surface finish and marking 

requirements per EPB-4-321, Rev. E [4]. All components had surface finishes well within 

specification. The individual laminates had surface finishes ranging from 2-4 Ra (pm), well 

within the specified value of 8 Ra (urn). The laminates are governed by the McDonnell Douglas 

laminate drawing package, BP-7-21 1421023 and the AM-355 material specification, 

HMS-6-1073, Rev. E [5,6]. All tail rotor laminates were blanked within 15 ’ of the longitudinal 

grain direction of the components in agreement with EPB-4-321, Rev. E [4]. The components 

were also correctly marked and/or stamped according to the governing identification and 

serialization specifications, HP 8-5 and HP 8-8 [7, 81. 
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Figure 3. Macrograph of the As-Received Strap Pack 0899 (Top View). (Scale in Inches.) 

Figure 4. Macrograph of the As-Received Strap Pack 0899 (Side View). (Scale in Inches.) 
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Figure 5. Macrograph of the Buckling on Strap Pack 1548. (Scale in Inches.) 

3.2 Dimensional Inspection. A three-axis coordinate measuring machine (CMM) was used 

to check the dimensional conformity of the strap pack laminates. It must be understood in an 

analysis of the data that the laminates were edge-finished prior to dimensional inspection. This is 

significant, since the CMM employs a spherical ruby stylus when acquiring measurement data. If 

the edges of the laminates are also rounded, slight inaccuracies may exist in the measurements 

obtained due to the extreme thinness of the laminates (approximately 0.014 in). Figure 6 

illustrates this phenomenon. However, it is important to note that this small source of error 

would not account for hole dimensions with measured value smaller than that specified, as the 

drawing illustrates. If the spherical stylus caused error to be introduced, the dimensions of the 

holes would be artificially inflated rather than reduced. Therefore, the slight inaccuracy might 

only explain dimensions that are out of tolerance by being larger than specified. Dimensions 

found to be smaller than specified cannot be explained away under this argument and are of 

significant concern. This inaccuracy in measurement due to the edge finishing and spherical 

stylus is very small, approximately 0.0005 in maximum, and is exaggerated in Figure 6. 

5 



Exaggerated for Clarity 

Laminate 

Hole Bore Diameter 

Jkninate Thickness 
If the stylus contacts here, the 
measurement is slightly larger. 

Figure 6. Illustration of the Measurement Inaccuracy Due to Edge Finishing. 

Table 1 is a listing of the measurements taken by the CCM during the inspection of the QDR 

exhibit tail rotor strap pack assemblies, 1548 and 0899. Refer to the laminate illustration, 

Figure 7, for the individual measurement locations. 

4. Discussion 

The boxed data in Table 1 indicate the most likely source of the buckling. It can be seen 

from the data for dimensions E and F that the average value of DIM. E is larger by 0.006 in 

(average value DIM. E = 1.1294 in and average value DIM. F = 1.1233 in, neglecting the boxed 

data). The transposition occurs when a laminate is rotated 180” and inserted back into the stack. 

Therefore, DIM. E becomes DIM. F for the transposed laminate. It can be seen in the data that 

the transposed laminate’s DIM. E values closely resemble the other laminate’s DIM. F values. 

6 
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Table 1. Dimensional Data for QDR Exhibits 1548 and 0899 

Laminate DIM. A DIM. B DIM. C DJM.D 1 DME DMF HOLE 1 HOLE 2 HOLE 3 HOLE 4 
Specification 23.200 11.600 11.600 1.125 0.6883 0.6883 0.1955 0.1955 

Tolerance f 0.010 f 0.010 f 0.010 f 0.010 f 0.010 + 0.0002 + 0.0002 f 0.0005 * 0.0005 
- 0.0003 - 0.0003 

if1548 - 1 23.20456 11.60183 11.60272 

#1548- 17 1 23.20610 1 11.60290 1 11.60320 1 2.25180 1 1.1: 

#/0899-4 1 23.20560 1 11.60270 1 11.60290 1 2.25190 ] 1.1289 1 1.12300 

#fO899 -5 1 

[ 

23.20460 1 11.60210 1 11.60250 1 2.25220 1 1.12860 1 1.12350 

#tO899 -11 1 23.20560 1 11.60280 1 11.60280 1 2.25360 

#0899 -12 1 23.20570 1 11.60290 1 11.60280 1 2.25270 

#0899-16 1 23.20500 1 11.60250 1 11.60250 1 2.25280 1 1.12960 1 1.12330 

#0899- 22 1 23.20520 1 11.60250 1 11.60260 1 2.25320 1 1.12970 1 1.12340 

Note: Boxed data indicate a transposition of the laminate about the y-axis. 
Shaded data indicate values out of specification. 
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DIM.I y Y-Axis 

DIM. M 
DIM. H t 

DIM. K 
DIM. J *DIM.G 

R. 5 

Figure 7. Illustration of the Defined Laminate Dimensions for Tables 1,2,3, and 4. 

The converse also holds true. Once a 180” transposition about the Y-axis of a laminate has 

occurred, forcing a rivet through these centrally located rivet holes will cause an offset of the 

entire laminate. Therefore, the assembly is forced to buckle when the bushings are placed 

through the ends of the laminate stack. Figure 8 visually depicts the transposition and buckling 

scenario. 

Further evidence of this scenario is suggested by the displacement/buckling location within 

the laminate stack as reported previously. The displacement and buckling location matches 

precisely with the boxed data laminate numbers in Table 1. In strap pack 1548, the first laminate 

is visibly displaced (refer to Figure 5), and for strap pack 0899, the third and eleventh laminates 

are displaced (refer to Figure 4). 



Case 1 
Rivets force 

Case 2 

Accexable 

I \ I--..-.. 

c 

C forced to eaual D 
/ 

------J 

Figure 8. Illustration of the Transposition About the Y-Axis and Buckling Scenario. 

Based upon these initial findings of the QDR exhibits, ARL-WMRD was asked to perform a 

full dimensional analysis of three randomly selected laminates from each of the nine individual 

laminate sets received, in addition to two single separate laminates. Tables 2-4 list the data 

acquired using the CMM. 

The only significant finding in the data in Table 2 was that the first extra laminate inspected 

was considerably out of tolerance with respect to its width dimensions. The transposition event 

is not discernable within this data due to the absence of the data from the complete sets. Three 

laminates are not enough to establish a pattern in the measurement data. 

Based upon the findings in Table 3, it was obvious that a complete laminate set must be 

dimensionally checked for the transposition about the Y-axis to be seen within a laminate set. 
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Table 2. Dimensional Data for Randomly Selected Individual Laminate Sets and Odd Laminates 

Note: Shaded data indicate a value out of specification. 



Table 3. Dimensional Data for the Holes and Radii of Randomly Selected Laminates 

Note: Shaded data indicates a value out of specification. 



Table 4. Dimensional Examination of Laminate Set 1174 

Dlerance J io.010 

; I 32SO7 I 1.1247 I 1.126’ 

1.1042 1 0.6636 1.5567 1.5578 1 1.5 

1 r&637 1.5568 1.5547 1 1.5577 1 0.7915 1 

Q ll.@-j4 1 2.2505 . 

I 1.1270 1 1.1240 1 1.1038 0.6643 1.5567 1.5575 1.55 
I 1.1247 I l.lW 1 1 lfl5’2 

I 
.__-- 0.6649 1.5569 1.5576 1.55 _ 

1 105: 5 
k 

0.6648 1.5557 1.5569 1.5569 1 0.7913 1 0.7915 
I I 2.2510 I 1.1256 I 1.1254 I 1.1042 0.6635 1.5566 1.5580 I.! 
I 1 2.2507 1 1.1248 1 1.1259 I 1.1034 0.6641 1.5565 1.5579 1.55 1174-20 23.2009 11.6OW 1 tt finf~ 

1174-21 23.2023 1 I 2.2507 I 1.1252 11.601_ _....-. . ~. 
1174-22 23.2008 11.6004 11.6004 1 2.2507 1 1.1248 

I I 

-Tolerance 
I 

+ omO2 
I 

+ 0.0002 
I 

. 0.0005 I. 0.0005I l 0.03 I l 0.03 1 l 0.03 I l 0.03 l 0.03 l 0.03 l 0.03 l 0.03 I l 0.03 l 0.03 l 0.03 I l 0.03 

Note: Shaded data indicates values out of specification. 



Table 4. Dimensional.Examination of Laminate Set 1174 (continued) 

Note: Shaded data indicates values out of specification. 



Therefore, one complete laminate set (SN 003343-l 174, laminates l-22) was dimensionally 

checked for conformance to the governing drawings. The results are listed in Table 4. Also, it 

was acutely apparent from the randomly selected laminates that a problem existed with the hole 

dimensions. The radii also appeared to be out of specification; however, the edge finishing of the 

laminates might be effecting these results as previously discussed. Regardless, the hole 

dimensions are much more critical from a stress analysis standpoint than the radii dimensions. 

A 180” transposition about the Y-axis was not seen for any laminate within this laminate 

assembly set. It cannot be inferred from this investigation that the transposition of the laminates 

is either an abundant or infrequent occurrence. ARL-WMRD looked at only one complete 

laminate set, other than the QDR exhibits. A proper estimation of the frequency of this 

occurrence should be drawn from a larger population of laminate sets. However, the frequency 

with which the hole dimensions are out of specification (smaller than the acceptable value) is 

significant and distressing. Considering the hole diameters were found to be smaller than the 

acceptable values, the bushings and rivets must have been forced through these holes during 

assembly. The bushings and rivets are governed by specifications BP-7-21 1421028 and 

NAS-529, respectively [9, lo]. Forcing the rivets through small holes would place undo stresses 

on the edges of the hole as well as the bushings and rivets. If the bushings and rivets must be 

forced in place, it could contribute to the buckling condition based on the assumption that the 

hole tolerances were probably set to allow for imperfections in part symmetry. If the holes are 

too small, individual laminates are forced to positions that may or may not align with the other 

laminates. This concept is depicted in Figure 8. In addition, creating stress concentrations on the 

inner diameters of these holes as well as the bushings and rivets might lead to serious problems 

for parts under fatigue loading conditions. 

The laminates were also checked for conformance with EPB-4-321. No discrepancies or 

nonconformances with the specification were found. The surface finishes were all within 

2-4 Ra, which was well within the specified 8 Ra. Appendices A-D present the data acquired on 

the edge finishing for the individual laminates of the sets analyzed. Strap packs 0899 and 1548, 

were examined, in addition to the three randomly selected laminates from each laminate set, the 
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two extra laminates, and the one complete laminate set 1174. The data were acquired from an 

image analysis system equipped with a CCD camera. The values obtained are based on a 

calibration performed on the laminates and are accurate only to one decimal place. The interior 

hole edge finishing data could not be acquired due to the small size of the holes. A horoscope 

small enough to acquire this data was not available. However, the edge finishes of all holes on 

all laminates were visually examined using. optical microscopy techniques at 10x-65x 

magnification. Although no measurements could be taken, ARL-MD verified that all hole edges 

appeared properly broken and no discrepancies were observed. 

5. Metallography 

A representative longitudinal and transverse section of the strap pack laminates from 0899 and 

1548 were mounted and metallographically prepared. The specimens were mounted in Bakehte 

with edge retention and rough-polished with 180-600~grit silicon carbide paper. Fine-polishing 

was accomplished with hand-polishing wheels using 3-pm and l-pm diamond suspensions. Final 

polishing was performed with a vibratory unit and 0.06pm colloidal silica. The as-polished 

specimens exhibited no significant inclusions per ASTM-E-45 [ 111. 

The polished specimens were subsequently etched with Vilella’s Reagent to reveal the resultant 

microstructure. The longitudinal and transverse sections of this semiaustenitic stainless steel 

exhibited fine carbides uniformly distributed within a tempered martensitic structure as shown in 

Figures 9-12, respectively, for strap packs 1548 and 0899. The detrimental delta (free ferrite) phase 

was not apparent to any discernable degree. This structure is consistent with the prior heat 

treatment, cold rolling, and tempering schedule of the AM-355 precipitation hardenable stainless 

steel. The material conformed to the governing specification HMS 6-1073. 

15 



Figure 9. Micrograph of a Longitudinal Section of 1548. Vilella’s Etch. Mag. 500x. 

Figure 10. Micrograph of a Longitudinal Section of 0899. Vilelia’s Etch. Mag. 500x. 



Figure 11. Micrograph of a Transverse Section of 1548. Vilella’s Etch. Mag. 500~. 

Figure 12. Micrograph of a Transverse Section of 0899. Vilella’s Etch. Mag. 500x. 
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6. Conclusions 

The examination revealed that, for the two assembly QDR exhibits, the buckling along the 

length was caused by a combination of controlling factors. The first being a dimensional 

nonconformity with respect to the hole diameters, and the second being a transposition about the 

Y-axis of the part that is not perfectly symmetric. All assembly laminates examined were found 

to have hole diameters smaller than allowed per the specified part drawing BP-7-21 1421023. 

The unassembled laminate sets were also examined and were found to contain the same 

dimensional nonconformity. The transposition of the respective positions of the laminates within 

the pack is prohibited after hole boring or reaming, per EPB-4-321, para. 3.3.1.3.1 [4]. However, 

considering the laminates may have the finishing operations performed individually or in subsets 

of the pack, a Y-axis transposition of a laminate with respect to its rotational orientation is most 

likely the root-cause of the buckling, since it is not distinctly prohibited per the specification 

(refer to the discussion section). All other characteristics of the laminates and assemblies were 

found to conform to the governing part drawings and specifications. 
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Appendix A: 

Edge Break Data for Strap Pack 0899 
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Q02 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 
OPERAT[ON#$ IEV-NO. 

THICKN #j_~0.01381 OUAL.ENG. N. 

S/N 
REVISED BY J REDMAN am/g5 

-- 

( 

Q 16 

+-fcKIe-- L- --- 

) VIDEO 
SCREEN 

LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REQD .008 MIN 

b .IV) EDGEBREAK REQO .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I 12 13 I4 I5 I6 
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0.01360 OUAl_.ENG. N. PANDA 09/06/86 

S/N 9-j __ 
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.008 MIN 

.OOl MIN 
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OUAL.ENG. N. PANDA 09/06/86 
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SCREEN 
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LAMINATE SET-TAIL ROTOR 

TH1cKNfiifi? 
0.01370 

S/N 9-U __ 

PART NO. ~3 .NO. 

7-211421023-9 
09106186 

twmi~~ BY J REDMAN a/~395 
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LJPP No. PAR f-iAME PART NO. I?EV . NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 
OPERATION +$.. 

Q6 E 
THICKNO;;; 0.01374 

QUAl_.ENG. N. P&IA 09/06/86 

S/N 9-M __ REVISED BY J REDMAN @m/g5 

POSITION NO. 

FLATNESS 

SCREEN 

LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS RECID .008 MIN 

b-‘) EDGEBREAK REQD -001 MIN 

4- 6 9 IO I I I2 I3 I4 I5 I6 
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3.083 .954 
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Appendix B: 

Edge Break Data for Strap Pack 1548 
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S/N 1548-l -- 
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JPP No. PAI? rTAME PART NO. 

202 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 

TH1CKN:z?s-6 
0.01415 09/06#86 

S/N REVISED BY J REDMAN Q’Ji~5/9s 
-- 

[I 3 
I -t-o IV 
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I LAMINATE THICKNESS .014+-.0007 

m FLATNESS REQD .008 MIN 
A, 

_ 
VIDEO SCREEN $=g EDGEBREAK REOD .OOl MIN 

POSITION NO. I 2 3 4- 5 6 7 8 9 IO I I I2 I3 I4 I5 IE ’ -- - 
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UPP No. 1 PART NAME 1 PART NO. 
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OUAL.ENG. 
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I--- - -- 

J REDMAC.#2mgs 

In I LAMINATE THICKNESS .014+-.0007 

FLATNESS REDO .008 MIN 

bI.iv) EDGEBREAK REDO .OOl MIN 

I 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 - 
FLATNESS 9.862 9.337 10.950 11.14’ 

I L P - - TOP BOTTOM 2.569 1.899 2.443 2.390 1 1.828 1.687 1.634 1.40: 

- 1 NO1 E-NOT TU !i@LE 
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THICKNESS 0.01425 
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JPP NO. PART NAME PART NO. OPERATION#~~ HEV.ND. 
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LAMINATE SET-TAIL ROTOR 7-211421023-9 .# 6E 
THICKNESS 0.01415 
S/N 1548-12 __ 

DUAL. ENG . N . ’ PAkDA O&06/86 

REVISED 8~ J REDMAN Q2/~5/95 

c VIDEO 
SCREEN 

LAMINATE THICKNESS .014+-. 0007 1 

I( > II FLATNESS REQO .008 MIN I 
I(l~JJV) EDGEBREAK REOD .OOl MIN I 

POSITION NO. I 2 3 4- 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 
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SCREEN 
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I( I=IV) EDGEBREAK REOD .OOl MIN 
1’ / 

POSITION NO. I 2 3 4 5 6 7 8 9 IO 

FLATNESS 9.873 10.04; 
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~UPP No. PART NAME PART NO. 

cl02 LAMINATE SET-TAIL ROTOR 7-211421023-9 

THICKNESS 0.01416 
S/N 1548-17 -_ REVISED BY J REDU mm/95 

LAMINATE THICKNESS .014+--0007 

.008 MIN 

.OOl MIN 4 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 
FLATNESS 10.88s 9.550 11.364 11.451 

L - TOP 1.823 2.198 1.795 1.405 

P - BOTTOM 1.671 2.766 1.353 1.515 

-- INOlE~NOT TO SCPILE , 
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JPP NI). PAI? 1 NAME PART NO. 

102 LAMINATE SET-TAIL ROTOR 7-21 1421023-g 

THICKNESS 0.01415 
S/N 1548-18 _- REVISED BY J REDMANQ2/Qfr/95 

u II 

SCREEN 

I( ) I LAMINATE THICKNESS .014+-.0007 

FLATNESS REQD .008 MIN 

([III JV) EDGEBREAK REQD .OOi MIN 

IPOSITIONNO. 1 I ~2~3\4-~5\6\7~8~9~lO~III I2 I3 I4 I5 IE I 
FLATNESS 10.882 9.918 11.350 10.78 

L - TOP 2.366 2.023 2.212 1.97: 

p - BOTTOM 1.516 2.415 1.020 1.64: 
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LJPP No. PAR 1 NAME PART NO. OPERATION#,~ WV-NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 

THICKNESS 0.01412 
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REVIsED8Y J@M/Qfi/$jS 
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LAMINATE THICKNESS .014+--0007 

.008 MIN 

.OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO l I I2 I3 I4 I5 I6 
FLATNESS 10.298 8.621 10.302 11.20( 

L - TOP 2.695 3.965 1.645 1.550 

p - BOTTOM 1.604 2.637 2.492 1.482 

1 NOTE ‘NOT TO SC/U.-E _ - 
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IPP NO. MAME 

302 1 LAMINATE SET-TAIL ROTOR 

THICKNESS 0.01415 
S/N 1548-20 __ 

PART NO. 

7-211421023-9 
OPERATION#,$ WV-NO- 

6E 
ClUAl_.ENG. N. PANDA 09/06/86 

REVISED BY J REDMAN Q21~395 

--@- 

- VIDEO 
SCREEN 

0 I LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REQO .008 MIN 

IG~EDGEBREAK REoo :oO I- MIN I 

. 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 
FLATNESS 10.921 10.295 10.367 11.055 

L - TOP 1.444 2.198 2.138 1.618 

P - BOTTOM 1.992 1.550 1.833 1.496 
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Appendix C: 

Edge Break Data for Strap Pack 1174 
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LAMINATE SET-TAIL ROTOR 

TH1CKN:E4-2 
0.01430 

S/N -- 

PART NO. 

7-21 1421023-t3 
OPERATION#$ WV-NO. 

Ed E 
OUAL.ENG. N. PANDA 09/06#86 

REVISED BY J REDMAN Q9/afi/$jS 

In I LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REDO .008 MIN 

bl .lv) EDGEBREAK REQD .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 
FLATNESS 9.431 10.856 

L - TOP 2.576 1.820 

P - BOTTOM 2.476 1.809 
I I 

IO I I I2 I3 I4 I5 16’ .- 
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UPP No. PAI? 1 NAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 

TH*CKN:S%-4 
0.01422 QUAL.ENG. N. 09/06/86 

S/N 
REVISED BY J REDMAN mm/g5 

-- 

I_ 

c VIDEO 
SCREEN 

LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REDO .008 MIN 

IhI l /v) EDGEBREAK REQD .OOi MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 IE 
FLATNESS 9.199 9.929 10.703 10.27 

2.965 2.267 1.983 1.92! 

2.212 2.049 1.874 2.10’ 
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JPP NO. 

302 

-- 
PAI? f NAME PART NO. 

7-211421023-9 
OPERATION 

LAMINATE SET-TAIL ROTOR 

#$o REV.NO.--] 

416 E . ” 
THICKNESS 0.01428 

OUAl_.ENG. N. PANDA 09/06/86 

S/N 1174-6 
REVISED BY J REDMAN Q2av95 -- 

-me- 

SCREEN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO .-- 
FLATNESS 10.151 10.141 

L - TOP 2.212 2.212 

- I _P BOTTOM 2.158 2.116 

I - 1 NOT lT.NOT TCI J 

In I LAMINATE THICKNESS .014+-. 0007 I 

I@) FLATNESS REQO ,008 MIN 

bJ.1~ EDGEBREAK REOD .OOl MIN I 



I -sLJfJp No. 

Q02 
PART NAME 

LAMINATE SET-TAIL ROTOR I 

PART NO. 

7-211421023- 

THICKNESS 0.01448 
S/N 1174-7 -- 

-9 
OUAL.ENG. I 

REVISED BY _ J REDMACL, Ma395 

lP0sIT10~ NO. 1 1 2 I 3 I 4 I 5 I 6 I 7 I 
IFLATNESS 1 

- VIDEO 
SCREEN 

LAMINATE THICKNESS .014+-.0007 

0 II FLATNESS REDO .008 MIN 

D 111 l IV EDGEBREAK REQD -001 MIN 

8 9 

9.286 1 

. 

IO I I I2 I3 I4 I5 I6 
0.225 9.984 

1.766 2.399 

2.387 2.116 

\NOTET.NOT To sw.3 



2 . 
c1 

52 
ci 

- 

- 

- 

ln 
- 

G - 
r) - 
KJ - - 

F 

I 

- 

b 
- 

CP 
- 

W 
L 

% . 
2 

P !s 
ad - 

k 
z 
H 

5 
-J 

? 

5 - 
t-9 

78 



L 

5 - 
ii5 - 
G 

z - 
?i 
- - 
0 - - 
CT\ 
- 

ccl 
- 

r 
- 
a 
- 
l.n 
- 
u 
- 
l-9 
- 

cv 
- 
- 
- 
. 

2 
5 
r 
H 

! - 

u 
Hz 

- 

: 
r-i 

E . 
rr) 

E 
od - 

- 

- 

79 



-__ 

( - . 

0 I LAMINATE THICKNESS .014+-.0007 

FLATNESS REDO .008 MIN 
A 

EDGEBREAK REDO .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 IE .--- 
FLATNESS 8.458 10.043 8.863 9.26: 

I- - TOP 2.942 2.878 2.628 2.561 

2.854 2.441 2.710 2.54( 
_P 

- BOTTOM 
. I 

-- 
SUPP w. PAI? T-iiAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 
OPERATION#$) lw.NOe 

I 

46 E 
THICKNESS 0.01424 

OUAl_.ENG.” N. PANDA 09/06/86 

S/N 1174-10 -- 
REVISED BY J REDMAN @/afi/95 

I - 1 NO1 E.NOT TL’ 



3 
L 
F2 
OS 
2% 

iii 

_ 

E Z 
H 
z 

E - 
- 
- 
0 - 

0 
. 

2 
W 

5 

- 

0 
H 

_ 

s 
& - 

- 

- 

- 

- 

- 

- 

E 
2 
I- 

5 
L - 

0 

3 
2 

- 

- 

- 

- 

81 





i;7;P w. PAI? T NAME PART NO. 13~ *NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 
OPERATION#~~ 

0.01425 
THICKN:SL13 

09/06f86 

S/N 
REVISED BY J REDMAN m/afi/& 

-- 

2 Q c) 8 I6 
T 

/ -JL 
/ % Q 

w-0 
- r-_- 

I - +-w 
I lo I LAMINATE THICKNESS .014+--0007 
I I- 

101) FLATNESS RECID .008 MIN 
__- 

-a- VIDEO 
SCREEN I&$ EDGEBREAK REDO -001 MIN 

POSITION NO. I 2 3 4- 5 6 7 8 9 IO II I2 I3 I4 I5 I6 
FLATNESS 9.515 9.744 0.573 9.003 

L - TOP 2.471 2.158 1.983 3.455 

p - BOTTOM 2.642 2.466 2.062 1.941 

-- 1 NOT E .NQT _-- 



--- 
WfJ No. PAR i-iiAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 
OPERATION#~$ IjEv *ND. 

Q6 E 
THICKNESS &f&J20 

DUAl_.ENG. N. PANDA 09/06/86 

S/N 1174-14 
REVISED BY J RE akitui Mm295 -- 

-@- 

L VIDEO 
SCREEN 

I(- -I 1 LAMINATE THICKNESS .014+-.0007 1 

IO II FLATNESS REDO .008 MIN I 
I- I 

bJv) EDGEBREAK REQD .OOl MIN I 
L’ / 1 

POSITION NO. I 2 3 4 5 6 7 8 9 IOII 
FLATNESS 9.042 9.703 

I- - TOP 2. 496 2.430 

_P - BOTTOM 2.103 2.278 

I2 I3 I4 I5 I6 
9.856 9.723 

2.291 2.763 

2.237 2.166 

.- [NOWNOT TO SCfiLE 



$ . 
L 

3 
ri - 

- 

- 

2 . = 

N - - 
- 

0 - 
- 

- 

z 
Pi 

- 

- 
z 
(I 

c-4 
- 

% 
hi - 

- 

- 

- 

- 

- 

z 
F 
0 
cl 

I 

CD 

co 
- 
r- 

- 

a0 
I- 

I 

1 - 

85 



Z 
H 

z 
co 

00 . 

31 

3 
P 

- 

- 

- 

- 

- 

- 

k 
I- 

I 

I 

m ‘W 1 ( b 

0 

n L; 
n _I- 



WPP No. 

Q02 

r-o- 

PAI? TNAME PART NO. 

LAMINATE SET-TAIL ROTOR 7-211421023-9 

THICKNESS 0-5 
QUAL.ENG. N. 

S/N 1174-17 
REVISED BY J RE DMAN Q2mi& 

-- 

-/ 

0 IV 

b LAMINATE THICKNESS .014+-.0007 

0 FLATNESS REQD 

SCREEN &i$ EDGEBREAK REQD 

.008 MIN 
- VIDEO -001 MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 -- 
FLATNESS 10.434 9.651 10.836 11.041 

L - TOP 2.092 2.267 1.973 1.833 

P - BOTTOM 1.995 2.461 1.887 1.671 

- INOlE.NOT 



s - d 

+ 
tng - d 

c 

J 1 
! 
i 

i 
I- 

; 
1 
_ 

J 
t 
_ 

; 

I 

7- 

l- *’ - 

- 
- I 
T 0 - 
d 

I 

T 00 2 f 

W 

r H 
a; 

t 
a 

‘-x 
Z 
H 

5 
-I 

3 n 
- 

-L If3 

u 



z 
Am 

E 
d - 

- 

\ 
. 

1 
. 

. 

. 

I 
. 

( 
. 

. 

. 

t 
. 

t 

f 

I 

I 

I 

x - 

0 
H 
L 

W 

k 
Z 
H 

5 
-I 

- 

- 

E 
9 
I- 

4 
IL - 

N 
- 

- 

8 

is 
r 
H 

f 
- 

89 



--- 
JPP NO. PAI? T-iiAtlE PART NO. 

102 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 
OPERATION#,~ WV-NO* 

66 

THICKNESS nJI143.S 
S/N 1174-m -_ 

OlJAL . ENG . N . - PANDA 09/06/86 

REVISED BY J REDMAN am/as 

--@- 

, --a- 

\ 

L VIDEO 
SCREEN 

(I) LAMINATE THICKNESS .014+-.0007 

,@ FLATNESS REDO .008 MIN 

I(-) EDGEBREAK REDO -001 MIN 

1 

POSITION NO. I 2 3 4 5 6 7 8 9. IO I I I2 I3 I4 I5 I6 
FLATNESS 9.037 9.145 10.379 9.515 

L - TOP 2.441 2.803 1.983 1.995 

P - BOTTOM 2.791 2.453 2.183 3.128 

. I - 
- iNOlE:~NOT TO SQLE 1 



UPPNO. PARTTAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 

THICKNESS 0.01420 
S/N 1174-21 __ REVISED BY J REDMAtQ2m/95 

-@- 

IO I LAMINATE THICKNESS .014+-.0007 

_o FLATNESS REClD .008 MIN 
* VIDEO 

SCREEN tkg EDGEBREAK REOD .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 
FLATNESS 9.526 10.235 9.572 '0.224 

L - TOP 2.278 1.820 2.845 2.183 

p - BOTTOM 2.345 2.376 .I03 1.929 

1 - 1 NOTE: ‘NOT TO SCpL.E 



- 

8 
09 
sm 

3 
ci - 

- 

- 

- 

- 

- 

- 
W 

=: 

t-i 

- 

- 

f . 
r( 

- 

- 

- 

- 

E 
I 

1 - 

- 

> 
0 

E 
0 
n7 

I 



Appendix D: 

Edge Break Data for Randomly Selected 
Strap Pack Laminates 

From Packs 11674177 and Two “Extra” Laminates 

93 



hTENTIONALLY LEFT BLANK 

94 



ZF~~~YI~AME 

(302 1 LAMINATE SET-TAIL ROTOR 

1 PART NO. 

17-21 142 1023-g 
OPERATION*$ I?- 

I p6 E 

TH1CKN:S:7-1 
0.01445 

OUAL.ENG. N. PANDA 09/06/86 

S/N 
REVISED BY J REDMAN Mm/95 

-- 

LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REQD .008 MIN 
c VIDEO 

SCRnN I(l%q EDGEBREAK i?EQD .OOi MIN 

POSITION NO. I 2 3 4 5 6 7 
F- LATNESS 9.850 

L - TOP 2.185 

I’ P - BOTTOM 2.750 



I 

-I 
- 
- I 
0 
- I 

- 

-t- 
r-9 

- 

u 
Hi 
-r\ 

B 
I- 

I 

96 



I 

f% n 

97 



_--- 
IJPP NO. PAR T-iiAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 
OPERATION#~$ lw -NO. 

6E 

THICKN:SaM 
0.01455 OUAl_.ENG. N. PANDA 09/06/86 

S/N 
REVISED BY J REDMAN Q3/~5/95 

-- 

VIDEO 
SCREEN 

IO I LAMINATE THICKNESS .014+- .0007 1 - 
- I 

I( > II FLATNESS REDO .008 MIN I 

163 EDGEBREAK REOD -001 MIN I 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 IE 
FLATNESS 10.558 9.657 9.588 10.551 

L - TOP 2.198 2.453 2.794 1.954 

P - BOTTOM 1.779 2.704 2.252 2.00( 

I I 



1 --- 
JPf’ NO. PART NAME PART NO. 

JO2 LAMINATE SET-TAIL ROTOR 7-211421023-9 

0.01435 
TH1CKN:%-12 

OUAL.ENG. N. 09/06/86 

S/N 
REVISED BY J REDMAN Q94&/$j5 

-- 

mm-- * VIDEO 
SCREEN 

- 1 NOT E-NOT TO SQIE 

LAMINATE THICKNESS .014+-.0007 \ 

I[ -I II FLATNESS REQD .008 MIN 

((22 111 IV EDGEBREAK REQD .OOl MIN I 

POSITION NO. I 2 3 4. 5 6 7 8 9 IO I I I2 I3 I4 I5 If? -- 
f LATNESS 10.714 10.729 .0.985 9.664 

I-. - TOP 1.929 1.916 1.887 2.466 

P - BOTTOM 1.874 1.954 1.645 2.453 

I 



;vppNo. PAR T-%AtlE PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 
OPERATION*‘$ II- 

6E 
THICKNESS I).c)143c) 

OUAl_.ENG. N. PANDA 09/06/86 

S/N ll_f&20 
REVISED BY J RE DMACL Q24W95 -- 

Cl 3 
I( ) 1 LAMINATE THICKNESS .014+-.0007 1 

FLATNESS REQO .008 MIN 

I( In JV) EDGEBREAK RECID -001 MIN I 
I’ , 1 

- 
1 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 -.-~ 
I= LATNESS 9.630 10.061 9.754 0.073 

,I L P - - TOP BOTTOM 2.461 2.259 2.224 1.983 2.550 2.038 2.412 2.076 
i 



- 
x 
9 

2 

z 
d 

- 

- 

- 

- 

a - 
Lh 
- 

d- 
- 

r9 
- 

cv 

- 

0 - 

- 
;; 
” 
z 

a 
E 
i 

2 

- 

- 

- 

- 

co 

5 . 
CJ 

r 

d 

rl 

> 
0 

iz 
0 
cl3 

I 

a 



. 

___.-. 1 

UPP Ml. PAI? 1 NAME PART NO. 

Q02 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 
OPERATION#~~ WV-NO. 

THICKNESS 0.01440 QUAL.ENG. N. 09/06/86 

S/N 1169-13 
REVISED BY J REDMAN Q2m/95 -- 

-a- - VIDEO 
SCREEN 

lr) I LAMINATE THICKNESS .014+-.0007 

IO II FLATNESS REDD .008 MIN 

b1 Jv) EDGEBREAK REDO .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 I6 
FLATNESS 10.238 10.426 0.096 0.881 

- TOP 2.336 1.675 2.376 1.635 

- BOTTOM 2.059 2.510 2.038 2.028 

- [NOTE-NOT TO SC&E 



5 
d 

N 

F4 
Pi - 
Pi 

G 
ri - 

s 
09 
m - 

N - - - 
- 
0 - 

- 

- 

2 
2 

- 

03 
- 

r 
- 
a 
- 

- 

d 
- 

r) 
- 

cu 
- 
- 
- 

. 
2 
i5 
r 
H 

i! 

-5 
I- 
s 

- 

- 

- 

- 

- 

2, 
0 

K 
0 
n7 

I 

k 
I- 

I 

J 

l- 

2l 
LL - 



Y 

; 

: 
. 

i 

. 

1 
. 

I r 
I 

I - 

1 
- 

- 

i 

- 

- 

% 
I- 

I 

J I - 

- 

e ‘W 0 

(7 i: 1 -0 n 



_-.. 
IJPP No. PAI? T-iiAtIE PART NO. 

1 

Q02 LAMINATE SET-TAIL I?OTOR 7-211421023-9 

0.01440 
THICKNE?h-16 

OUAL.ENG. N. 09/06/86 

S/N 
REVISED BY J REDMAN Q3/~3~5 

-- 

In I LAMINATE TtiICKNESS .014+-.0007 

POSITION NO. I 2 3 .cl. 5 6 7 8 9 IO I I I2 .--- 
f LATNESS 10.42 6 10.97 2 -_ 
L - TOP 1.967 1.84: 

p - BOTTOM1 ! 1 ! 1 2.295 1.73( 

1 NO1 IT. NOT TO SQJLE 



0 

IAl 
I- 
< P 

- 

a 
Z 
H 
r 
5 

3 
d - 

If-l 



_ 

u - 
5 - - - 

- 

- - 

- 

- 

- 

- 

- 

B 
I- 

t 

-I - 

I 

- 

> 
0 

i- 

iz 
I 

a- 

107 



I-- 

- 

I 
- 

- 

- 

- 

- 

- 

: 

9 
I- 

5 
L - 

- 

108 



I 
’ n 

i Q 

- 
ii? - - 
d‘ 
- 

Fs - 
?ii - - - 
- 
5 - - 
CD 
- 

ccl 
- 

r 

9 - 
lo 
- 

- 
t-9 
- 

CY 
- 
- 
- 

. 

z 
F5 
r 
l-4 

E 

109 



---- 
JPP No. [‘Al? i-iiAME PART NO. 

ilo2 LAMINATE SET-TAIL f?OTOR 7-21 1421023-9 
OPERAT[ON*$) II- 

GE 
THICKNESS 0.01445 

ClUAL.ENG. N. PANDA 09/06/86 

S/N 1175-l -_ REWXD BY J REDMAN Q&~j/95 

1m LAMINATE THICKNESS -0 I 4+ - .0007 

IO 11 FLATNESS REQD .008 MIN 

6=h EDGEBREAK REDO -001 MIN 

\P - BOTTOM1 1 1 [ 1 1 

7 8’9 IO II 

10.15 5 8.W 

2.168 2.89( 

2.223 3.05; 

13 I4 I5 IE pp-_p 
10.35 9.6: 

2.013 2.7 

2.165 2.2 
I 



-~ 
UPP No. PAI? T---iiAME 

Q02 LAMINATE SET-TAIL f70TOR 

0.01425 
THICKNEIS1S75-12 S/N -- 

PART NO. OPERATION#$ WV .NO. I 

7-211421023-9 . 
09/06/86 

REVISED BY J REDMAN M/~jj/95 

I- 
VIDEO 
SCREEN 

IO I LAMINATE THICKNESS .O I4+- iOOO7 

IO II FLATNESS REQD .008 MIN 

IG~EDGEBREAK REQD loo I MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 14. I5 IE --- -----_- 
FLATNESS 10.3( 7 10.45 8 10.75 1 9.5 



--- -- 
IJPP No. PART NAME PART NO. 

Q02 LAMINATE SET-TAIL l?OTOR 7-211421023-9 

0.01435 
THICKNEz75-19 S/N 

REVISED BY J REDMAkj12/Qfi/95 
a- 

SCREEN 

LAMINATE THICKNESS .014+-.0007 

0 II FLATNESS REDO .008 MIN 

1L-l III,w EDGEBREAK REQD .OOl MIN 

POSITION NO. I 2 3 4 5 6 7 8 9 IO I I I2 I3 I4 I5 16 ---- --. --- 
FLATNESS 10.115 10.33 7 10.14<! 10.3: 

_--- 
1.864 2.051 2.244 2.4( 

2.441 1.94: 2.178 1.6; 

. -. -._.. 



a - 
ii5 - - 
-3 
- 

E - 
7ii - - - 
- 
0 - 

r! 
0 & 
w 4 T 2i 

2 
-I 

3 
- 

I 



- 

* 

E 

E - - 

0 

D 
- 

a3 

P 

a 
- 
lo 
- 

d 
- 

I9 
- 

cu 

- 

- 

00 
I-- 

l 

-I - 



UPP No. PAR r NAME PART NO. 

Q02 LAMINATE SET-TAIL kOTOf? 7-211421023-9 
OPERATION#$$) I?EV.NO- 

1 

0.01435 
THICKNE??76 21 S/N 

- --/_- Q 

REVISED BY J REDMA&@m& 

0 16 Q 6 

) VIDEO 
SCREEN 

0 I LAMINATE THICKNESS .014+-.0007 

*I 0 FLATNESS REQD .008 MIN 

I(=$ EDGEBREAK REQD -001 MIN 

POSITION NO. 1 2 3 4- 5 6 7 8 9 IO I I 12 13 14. 15 16 
FLATNESS 

L - -rOP 

_P - BOTTOM . 

I 



_--- - 
IJPP No. PAR i-iAt4E PART NO. 

1 

Q02 LAMINATE SET-TAIL ROTOR 7-211421023-9 

THICKNEISIShz 
0.01435 OUAL.ENG. N. PANDA 

S/N REVISED BY J REDMAN_am/95 
-- 

~P~sITIoN NO. 1 1 

IFLATNESS I 

, \LLzL!L_\- 
IP - BOTTOM\ 

- VIDEO 
SCREEN 

LAMINATE THICKNESS .014+-.0007 

II IO FLATNESS REQD .008 MIN 

IL-3 111 l IV EDGEBREAK REDO ,001 MIN 

5 6 7 8 9 IO I I I2 I3 
10.17 1 10.016 

2.147 2.37t 1 

2.092 2.32’ 

1 



d 

Fi 
- 

c 
- 
cr 
- 
cc 

1 

0 
. 

z 
ILI 

5 
0 
H 
T 

- 

-E i 
L 

6 
i 
v 

l- 

u 
r 

r( 3 - 

‘a 

I? 

a 
s/ u 

- 
r9 
- 

cv 
- 

- 

- 

t-i 

!2 
I- 

3 
IL - 

8 
I- 

I 

J , 



UIJIJ MJ. I’All I NAMt PART NO. 

302 LAMINATE SET-TAIL ROTOR 7-21 1421023-9 

0.01445 THICKNE?i%-r/ S/N -- 

OUAL . ENG . N . - PAiDA 09/06i86 

REVISED BY J REDMAtam/gs 

-a- n 
IPOSITION NO. 1 
I I 

FLATNESS I 

IL - TOP 

\p - BOTTOM1 

-0 IV 

c VIDEO 
SCREEN 

3 

0 I LAMINATE THICKNESS .014+-.0007 

FLATNESS REQO .008 MIN 

EDGEBREAK RECID .OOl MIN 

4- 5 6 7 8 9 IO I I I2 I3 14. I5 16’ -- --- 
10.59 i 10.83 3 11.34!’ 10.13: 

1.896 2.24( 1.580 2.531 

1 2.068 1.451; 1.5711.86( 



2 - 
73 - 
5 - - - 
- 
0 - 

z 
H 
lz 

0 
. 

z 
w 
Z 

5 
H 

- 

CP 
- 

co 
- 
r 
- 
a 

8 
“! 
0 - 
00 

F4 
A 

z 
c‘! 
0 - 

zi 
2 

- 

- 



- - 

E 
d 

0 

$1 
d 

G: 
c? 
0 

- 

5 . 
0 

- 

- 

- 

- 

- 

L 

‘2 
H 

5 
-I 

3 
d - 

r9 
- 

cu 
- 
- 
- 

. 
8 

i5 
F 
H 

if! - 

- 

8 
f- 

I 

J 



NO. OF 
COPIES 

2 

ORGANIZATION 
NO. OF 
COPIES ORGANIZATION 

DEFENSE TECHNICAL 1 DIRECTOR 

INFORMATION CENTER US ARMY RESEARCH LAB 

DTIC DDA AMSRLDD 
8725 JOHN J KINGMAN RD J J ROCCHIO 

STE 0944 2800 POWDER MILL RD 
FT BELVOIR VA 22060-6218 ADELPHI MD 20783-l 145 

HQDA 
DAMOFDQ 
D SCHMIDT 
400 ARMY PENTAGON 
WASHINGTON DC 203 lo-0460 

1 DIRECTOR 
US ARMY RESEARCH LAB 
AMSRL CS AS (RECORDS MGMT) 
2800 POWDER MILL RD 
ADELPHI MD 20783-l 145 

OSD 
OUSD(A&T)/ODDDR&E(R) 
RJTREW 
THE PENTAGON 
WASHINGTON DC 20301-7100 

3 DIRECTOR 
US ARMY RESEARCH LAB 
AMSRL CI LL 
2800 POWDER MILL RD 
ADELPHI MD 20783-l 145 

DPTY CG FOR RDE HQ 
US ARMY MATERIEL CMD 
AMCRD 
MG CALDWELL 
5001 EISENHOWER AVE 
ALEXANDRIA VA 22333-0001 

4 

ABERDEEN PROVING GROUND 

DIR USARL 
AMSRL CI LP (305) 

INST FOR ADVNCD TCHNLGY 
THE UNIV OF TEXAS AT AUSTIN 
PO BOX 202797 
AUSTIN TX 78720-2797 

DARPA 
B KASPAR 
3701 N FAIRFAX DR 
ARLINGTON VA 22203-1714 

NAVAL SURFACE WARFARE CTR 
CODE B07 J PENNELLA 
17320 DAHLGREN RD 
BLDG 1470 RM 1101 
DAHLGREN VA 22448-5 100 

US MILITARY ACADEMY 
MATH SC1 CTR OF EXCELLENCE 
DEPT OF MATHEMATICAL SC1 
MAJ M D PHILLIPS 
THAYER HALL 
WEST POINT NY 10996-1786 

121 



NO. OF 
COPIES 

2 

10 

ORGANIZATION 

DIRECTOR 
US ARMY AMCOM(P) 
AMSAT AR EF 
KIRIT BHANSALI 
BLDG 8027 
REDSTONE ARSENAL AL 
35898-5093 

ABERDEEN PROVING GROUND 

DIR USARL 
AMSRLWMMD 

S GRENDAHL 
BLDG 4600 

122 



REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No. 0704-0188 

The Metallurgical Examination and Inspection of Apache Tail Rotor Strap Pat 
Laminates and Assemblies 

Scott M. Grendahl 

U.S. Army Research Laboratory 
AT-TN: AMSRL-WM-MD 
Aberdeen Proving Ground, MD 210055069 

REPORT NUMBER 

ARL-TR-2018 

ATCOM 
4300 Goodfellow Blvd. 
St. Louis, MO 63120-1798 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 

12b. DISTRIBUTION CODE 

13. ABSTRACT(Maximum 200 worda) 

The U.S. Army Research Laboratory-Weapons and Materials Research Directorate (ARC-WMRD) performed i 
dimensional inspection and metallurgical investigation of AH-64 Apache tail rotor strap pack assemblies and individua 
laminate sets. All of the dimensional critical characteristics were examined in an attempt to determine the cause of i 

buckling phenomenon within the strap pack assemblies. Conformance to the manufacturer’s governing specification: 
with respect to the material, heat treatment, and marking requirements was also investigated. The cause of the buckling 
was attributed to a combination of factors. Dimensional nonconformances were identified. Most of the hole diameter! 
were found to be well below the specified range, causing the assemblies to be forced together. Transposition of the 
laminates during manufacture was also highly likely to have occurred, adding to the misalignment of the assembly. Al 
other characteristics of the laminates and assemblies were found to conform to the governing part drawings ant 
specifications. 

14. SUBJECT TERMS 

AM-355, dimensional inspection, strap pack, metallurgy 
15. NUMBER OF PAGES 

124 
16. PRICE CODE 

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 10. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 

OF REPORT OF THIS PAGE OF ABSTRACT 

UNCLASSIPIED UNCLASSIFIED UNCLASSIFIED UL 
h19N 7r;A,UYlZ2X-L~r;nn Stanrfarrl Fnrm XII7 (Rev. 2-M 

I 123 
_.-- .__._ _.... -__ \. ._.. - __, 
Prescribed by ANSI Std. 239-l 8 298102 



INTENTIONALLY LEFT BLANK. 

124 



USER EVALUATION SHEET/CHANGE OF ADDRESS 

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers 
to the items/questions below will aid us in our efforts. 

1. ARL Report Number/Author ARL-TR-2018 (Grendahl) Date of Report Julv 1999 

2. Date Report Received 

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for which the report will 

be used.) 

4. Specifically, how is the report being used? (Information source, design data, procedure, source of ideas, etc.) 

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs 

avoided, or efficiencies achieved, etc? If so, please elaborate. 

6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization, 

technical content, format, etc.) 

Organization 

CURRENT 
ADDRESS 

Name 

Street or P.O. Box No. 

E-mail Name 

City, State, Zip Code 

7. If indicating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old 

or Incorrect address below. 

Organization 

OLD 
ADDRESS 

Name 

Street or P.O. BOX No. 

City, State, Zip Code 

(Remove this sheet, fold as indicated, tape closed, and mail.) 
(DO NOT STAPLE) 


